U ltrasound (US) can be utilized in the evaluation of a number of different abdominal complaints. It may be focused on ruling in or out specific lesions or in a general way to survey the abdomen and pelvis. Because US delivers no ionizing radiation and is repeatable and portable, it is an especially useful tool for the management of critically ill patients. In addition, no iodine-based contrast is required and contrast-induced renal failure is alleviated. As a diagnostic tool for abdominal pathology in the critical care setting, US has three main limitations. First, gas within the hollow abdominal organs may interfere with image acquisition. Second, the critically ill patient may not be able to cooperate with an US examination. Cooperation can include taking deep breaths, holding one's breath, and voluntary position changes to achieve clearer visualization of a target. Third, the US examination may be affected by the patient's clinical status. For instance, sequential compression of an organ with the US probe may be impossible due to a patient's pain. Incisions from operative interventions, wounds, and dressings on the abdominal wall also interfere with the US examination.
In this discussion, we will focus on the organs most frequently dealt with in the daily practice of critical care; these organs are the liver, gallbladder and biliary tree, pancreas, and spleen. We will also consider the often critical surgical findings of free intraperitoneal air.
Liver
General US View of Liver. The basic US examination of the liver includes evaluation of the liver surface, liver edge, echotexture, and echogenicity. The normal liver should have a smooth surface, sharp edge, and fine echotexture (homoechogenic). The surface and liver edge may reveal the evidence of liver cirrhosis, especially in endemic areas of hepatitis B or C. The cirrhotic liver typically has an irregular surface with a blunt edge. As liver cirrhosis progresses, the surface irregularity becomes more prominent. Local humping of surface may implicate a tumor just beneath the abnormal contour, referred to as the "hump sign."
The normal liver echotexture should be fine. Coarse echotexture can indicate a parenchymal problem or even cirrhosis. A hyperechogenic appearance (brightness) of liver parenchyma can be seen with either fatty liver and alcoholic liver changes. In obese patients or those with severe fatty liver, penetration of US is often impeded, and deeper structures of the liver may not be well visualized. Besides the liver parenchyma itself, there are other anechoic tubular structures that may be seen, and these include the hepatic veins, portal veins, and biliary trees. Interruption or displacement of these tubular structures may indicate mass effects secondary to tumors. Dilation of the hepatic veins and inferior vena cava suggest liver congestion secondary to cardiac problems.
Diffuse Liver Diseases. Diffuse liver disease may be the primary cause of acute critical illness or the patient's co-morbidity. For most patients with mild abnormal liver function and without a history of cirrhosis, US images may be not different from normal. In acute hepatitis, the US depiction may vary from normal to apparent shrinkage of the liver, depending on the severity of hepatic decompensation. The most common sonographic finding in hepatitis is probably hepatomegaly (1). The so-called "starry night liver" pattern (2) of increased periportal echoes coupled with decreased parenchymal echogenicity is a common finding in acute hepatitis (3) . There may also be gallbladder-wall thickening, ascites, and a dilated portal vein on the echogram. Decreased size of liver on follow-up US is an ominous sign, implying a potential requirement for transplantation.
Cirrhosis is a significant co-morbidity in critically ill patients. US reveals an irregular surface, blunt edge, decreased size, and coarse echotexture of liver (4) . Related US findings are hypertrophy of left and caudate lobes (5, 6) , dilated portal vein, splenomeg-aly, and ascites, depending on the severity of cirrhosis. In endemic areas of viral hepatitis, US operators should be alert for signs of hepatic carcinoma hidden in the coarse parenchyma.
Fatty liver reveals a bright (hyperechoic) parenchyma compared with the right kidney. The degree of hyperechogenicity varies according to the severity of fatty change. Severe fatty changes may make it difficult to visualize deep-seated structures in liver. The findings of fatty liver on US may implicate a spectrum of disease progression from steatosis without inflammation to steatohepatitis. Alcohol abuse is a well-known cause of fatty liver. There may be focal relatively hypoechoic areas (usually band shaped) adjacent to the gallbladder, near the right kidney and the left portal vein. Fat-free areas of the liver in a background of fatty change may indicate a possible tumor or be a benign finding (7) . The "ductal penetration" sign indicates a relatively fatfree area, occurring if anechoic tubular structures (vessels or bile duct) course through a hypoechoic area. The resulting target lesion is most likely benign.
Focal Liver Diseases. Focal liver diseases may comprise all of the clinically acute and chronic entities and the serious and insignificant entities. Abscesses, ruptured tumors, infected cysts, and lacerations are acute lesions; primary or metastatic tumors without complications and polycystic liver are chronic ones. Hemangiomas and cysts are clinically insignificant. Typically, only the findings of an abscess, infected cysts, and severe traumatic injuries may require immediate action in critical care patients.
When a mass or tumor is identified on US, it is necessary to classify the lesion or lesions as completely solid, mixed solid and liquid, or completely liquid. A completely solid cyst significantly raises the likelihood of a tumor. A mass with solid and liquid components may indicate an abscess or a tumor with necrosis. A mass composed mostly of liquid content indicates a cyst, a cystic tumor, or an abscess with frank liquefaction. On US, the solid part of a tumor may appear hypoechoic, hetero-echogenic, or hyperechoic, depending on the type of pathology encountered. The liquid portion of a complex mass will appear as an anechoic region. A hypoechoic ring (halo sign) may indicate malignancy (8, 9) . In contrast to malignant tumors with a hypoechoic ring, hemangiomas have a hyperechoic ring appearance.
A liver abscess may appear as a faint, hypoechoic solid mass in its initial stages, potentially leading to misdiagnosis. At this stage, it is even more difficult to identify an early developing abscess in a patient with severe fatty liver changes. As the abscess evolves, it develops a semiliquid structure that becomes heteroechogenic on US. A central collection of anechoic pus with a peripheral necrotic solid portion develops. The pus collection sometimes contains floating echogenic debris. The echogenic debris may also settle to the gravity-dependent portion of the liquefied cavity. Figure 1 shows the different stages of liver abscess development. When dense echoes are identified in the upper portion of the abscess cavity, a gas-forming abscess should be considered. The dense echoes are actually gas bubbles. Clusters of small abscesses (honeycomb appearance) are occasionally encountered and may precede coalescence into a larger abscess (10) . Percutaneous aspiration for infectious pathogens or drainage under guidance of US or computed tomography is essential for treatment of liver abscesses. Unfortunately, abscesses with honeycomb appearance are usually resistant to percutaneous drainage.
Hepatic tumors, regardless of whether they are primary or metastatic, may be clinically silent. However, complications such as tumor rupture, necrosis with infection, or biliary obstruction secondary to local growth require emergent management. Primary hepatic tumors such as hepatocellular carcinoma (HCC) may have high prevalence in areas endemic with hepatitis B or C. HCC can be present on US with diffuse nodularity, a large mass, or an infiltrating pattern without well-defined margins. HCC lesions may be single or multiple, limited to one lobe, or found in both lobes. Most of the small HCC lesions (Ͻ5 cm) appear hypoechoic (11) . With increasing size, lesions become hetero-echogenic. Large HCC lesions always have hetero-echoic to hyperechoic characters, with occasional necrosis. A mosaic pattern of tumors may be seen in HCC. Portal vein thrombosis is a sign suggestive of HCC (12) .
For critically ill patients, complications due to HCC may be of increased clinical relevance. These complications include HCC rupture, bile duct obstruction secondary to HCC (compression or icteric-type HCC), and portal vein thrombosis-related variceal bleeding. HCC rupture with hemodynamic changes may be seen in emergency settings when patients with HCC experience sudden severe abdominal pain. An US examination is a good tool for rapid diagnosis of HCC rupture, which can demonstrate tumor rupture or hemoperitoneum. Faint, floating echogenic liquid, sometimes called café-au-lait, may also be noted on US. After diagnosis of HCC rupture, immediate fluid and blood component resuscitation should be initiated. Surgical or radiologic intervention is often required.
Despite its origin from the intrahepatic bile ducts, cholangiocarcinoma is typically identified as a hepatic tumor by image studies. Because of its bile duct origin, bile duct obstruction always occurs regardless of whether it is peripheral or central. Most patients present to a critical care physician as a result of obstructive cholangitis. This is especially likely with a hilar-type (centrally located) cholangiocarcinoma. The only symptom typically caused by peripheral-type cholangiocarcinoma is pain. Central-type cholangiocarcinoma (Klatskin tumor) typically appears as a hyperechogenic to hetero-echogenic mass on US, with an ill-defined margin located in the hilar region of the liver. Bilateral dilation of the intrahepatic ducts (shotgun sign) is always present (13, 14) . The initial US view from of the subcostal window appears similar to a "crab." For these patients, biliary duct drainage is required with percutaneous transhepatic cholangiodrainage favored. Cholangiocarcinoma may coexist with intrahepatic stones, and US surveys for intrahepatic stones should include an evaluation for cholangiocarcinoma. Some cholangiocarcinomas may be related to parasitic infestation, such as with clonorchiasis.
Metastatic tumors, usually multiple, may be hypoechoic or hyperechoic on US. If necrosis is present, anechoic areas in the tumor can be seen. The term target sign is used to describe the US depiction of metastatic tumors with central necrosis. Clinically, metastatic tumors themselves do not usually cause critical illness, unless bile duct obstruction or tumor rupture occurs.
Hepatic cysts are frequently diagnosed on routine US. Most are without clinical significance. The standard US picture of a hepatic cyst is a round, anechoic structure with posterior enhancement. If there are thick septa or mural nodules on the cyst wall, mucinous cystic tumors should be considered. Rupture of true cysts rarely occurs but should be considered in patients who have large cysts and who present with sudden abdominal pain. On US, a hepatic cyst hemorrhage appears as increased homogeneous echogenic fluid within the cyst. Infected cysts should be considered in patients with hepatic cysts, fever, and right upper abdominal pain. US will show echogenic material or sediment either floating or in a gravity-dependant position. Polycystic liver disease represents an extreme cystic disease of the liver. Its US picture consists of numerous anechoic cysts of varying sizes throughout the liver. Hemorrhage or infection is a common problem that requires emergent management for patients with polycystic liver.
A hemangioma is a benign lesion rarely causing significant problems and typically appears as an echogenic spherical lesion on US. It can generally be differentiated from a malignancy solely based on its echogenic appearance. There is a more echogenic margin, in contrast to the hypoechoic ring (ring sign), around a hemangioma. If US contrast is being used, different rates of uptake from the liver parenchyma are seen as opposed to only a contrast outline, as seen in the case of malignant nodules. Large hemangiomas with thrombosis (cavernous hemangiomas) may cause confusion because of hypoechoic components noted on US.
Gallbladder and Biliary Tree
US is considered as the first-line tool to diagnose disorders of the gallbladder and biliary tree. The gallbladder wall lacks the discrete thick muscular layers of the bowel wall, but still has a mucosa, fibromuscular layer, and serosal layer (except on the hepatic surface). On US, the gallbladder is anechoic, with a three-layered wall (hyperechoic-hypoechoic-hyperechoic). Clinically, it is helpful to divide the biliary tree into intrahepatic and extrahepatic bile duct components. On US, bile ducts are anechoic tubular structures that are parallel to the portal veins and, to some degree, the hepatic arteries. A common bile duct diameter of Ͼ7 mm is considered abnormal by some (15) .
General US View of Gallbladder and Biliary Tree. A standard US examination of the gallbladder evaluates the thickness and stratification of the gallbladder wall; determines gallbladder content, including the presence of stones, sludge, or blood; evaluates the contour of the gallbladder (for rupture); and identifies pericholecystic fluid. The ultrasonographic Murphy sign combines imaging with physical examination and has moderate sensitivity and specificity for acute cholecystitis. During US examination of the biliary tree, dilation of the bile duct, loss of continuity of the bile duct, and any contents in the bile duct should be noted.
Conditions Associated GallbladderWall Thickening. The gallbladder wall is considered abnormal if a wall thickness of Ͼ3 mm is seen under fasting conditions. Measurements between 3 and 5 mm can be confusing, as a minor thickening (such as a 4-mm measurement) is rarely diagnostic. Focal gallbladder-wall thickening may be seen with the presence of a tumor, chronic cholecystitis, or gallbladder adenomyomatosis. Its important to keep in mind that well over two dozen disease states can lead to diffuse gallbladder-wall thickening. Acute cholecystitis may show multiple stratifications of the gallbladder wall. In cases of gallbladder cancer, there is usually a loss of layer differentiation on US. For acute hepatitis, liver cirrhosis, ascites, and hypoalbuminemia, thickening of gallbladder wall is secondary to the underlying disease, and layer preservation (three layers) despite increasing in thickness, exists and helps differentiate.
Contents of Gallbladder and Bile Ducts. There may be stones, sludge, air, blood, and foreign bodies such as stents in the gallbladder or biliary tree. Typically, stones are echogenic lesions with posterior acoustic shadowing (Fig. 2) , although some less dense stones may not exhibit acoustic shadowing. Small cholesterol stones may actually float within the gallbladder. Gallbladder polyps may appear similar to smaller, less echogenic stones. Changing the patient's position, such as rolling the patient prone, may make stones roll in response to gravity, thus differentiating them. A contracted gallbladder filled with stones may be challenging to identify by US. The wall echo sign describes such a condition, for which little fluid bile is seen within the gallbladder and only the anterior gallbladder wall and surface of the stone or stones are visible. Pneumobilia (gas in the bile ducts) is seen as point or linear echogenicity with reverberation artifact within the bile ducts on US. In such an event, there is free communication between bowel and the biliary system.
Hemobilia (blood in biliary system) may be seen as echogenic to heteroechogenic material with linear or layering patterns. It often occurs after biliary procedures such as liver biopsy, liver surgery, transarterial embolization of tumors, or aneurysm rupture. Sludge is dense bile and, by itself, has little pathologic significance, as it can be found in the majority of critically ill patients at some point during their stay.
Acute Cholecystitis. Although most gallstones are asymptomatic, acute cholecystitis is a common disease process due to the large number of people with cholelithiasis. Causes of acute cholecystitis are numerous and include gallbladder stones, transarterial embolization, parasites, and others. US has been reported to have a high sensitivity (97-100%), specificity (93.6 -100%), and diagnostic accuracy (90.8 -93%) in diagnosis of gallbladder stones. US findings of acute cholecystitis are gallbladder-wall thickening, multistratification of the wall (Fig. 3a) , mural abscess (anechoic foci in wall) (Fig. 3b) , dirty echo of sludge (Fig. 3c) , pericholecystic fluid accumulation, mucosal exfoliation (Fig. 3d) , discontinuity of gallbladder wall (rupture), and an ultrasonographic Murphy sign (16) . Some authors consider the echo Murphy sign to be of little use due to its low positive predictive value (43%) (17) .
Color-and power-Doppler imaging has been utilized to evaluate inflammatory changes in the gallbladder wall and may demonstrate mural hypervascularization (18) . Empyema of the gallbladder and emphysematous cholecystitis are severe forms of acute cholecystitis. The former shows marked gallbladder-wall thickening, pus in the gallbladder, and even mural abscess. The latter may show hyperechoic gas in the gallbladder wall on US, and such a patient is at significant risk for complications, including rupture and peritonitis. An echogenic line with reverberation artifact or ring-down artifact is seen in some cases. With increasing gas accumulation, this echogenic line becomes broader. In very severe cases, the gallbladder may even be difficult to differentiate from bowel gas. Computed tomography is also useful to demonstrate this severe stage of cholecystitis.
Gas formation is related to the presence of an anaerobic microorganism and is a sign of a severe life-threatening disease. Emphysematous cholecystitis occurs more frequently in patients with diabetes mellitus and in the elderly. Gangrenous cholecystitis is another severe form of the disease. It is related to wall necrosis, and perforation is a major complication. Occasionally, gallbladder rupture into the liver may be encountered, and a focal abscess in the gallbladder fossa or nearby liver can develop. Acalculous cholecystitis can be a challenging disease process. Although no stones are seen on US, the remainder of the findings of acalculous cholecystitis may be identical to acute biliary cholecystitis.
Mirizzi Syndrome. Mirizzi syndrome results from the impaction of a gallstone in the gallbladder neck or cystic duct. Due to an expanding inflammatory process, it obstructs the bile duct at the common hepatic duct level and causes jaundice or cholecystocholedochal fistula. US may show distention of the gallbladder with a stone in the gallbladder neck or cystic duct and a dilated bile duct above the common hepatic duct level. Clinically, Mirizzi syndrome may present with a slowly progressive jaundice or, rarely, as acute disease due to cholangitis. The management of Mirizzi syndrome is mainly surgical, although cases treated with endoscopic retrograde cholangiopancreatography have been reported. Being aware of this syndrome preoperatively greatly reduces the surgical complications.
Biliary Obstruction and Acute Cholangitis. US is a good tool for differentiation of obstructive or nonobstructive causes of jaundice. In this setting US may: 1) diagnosis bile duct stasis, 2) localize the level of ductal obstruction, and 3) identify causes of obstruction. The "doublechannel" sign (or double-duct sign) is a sign of bile duct obstruction. In most, but not all cases of cholangitis, bile duct dilation is identified on US, and the level of obstruction can be predicted in 80% of cases. The ability of US to detect common bile duct stones is controversial, with some reported sensitivities typically Ͻ70% (19) . The US diagnosis of intrahepatic calculi has been considered to be more accurate than computed tomography because the calcium content of these stones is insufficient to make them radioopaque (20) . Visualization of any coexisting hepatic pathology, such as abscesses and cholangiocarcinoma with intrahepatic duct stones, is mandatory. A weak association (10%) has been reported between intrahepatic duct stones and cholangiocarcinoma (21) .
Other Gallbladder and Biliary Diseases. US may show echogenic or hypoechoic wall thickening that is either focal or diffuse in chronic cholecystitis (22, 23) . Differentiation of focal chronic cholecystitis from gallbladder cancer may be necessary in some cases. Gallbladder adenomyomatosis is a hyperplastic cholecystosis in which gallbladder mucosa is hyperplastic, with invagination into the thickened gallbladder wall, forming the so-called Rokitansky-Aschoff sinus. Bile sludge or tiny stones may become stuck in the sinus and cause comet-tail artifacts in the gallbladder wall on US. Because there have been reports about early gallbladder cancers in gallbladder adenomyomatosis, a detailed US examination or even endoscopic US may be required (24) . Gallbladder cancer or cystic duct cancers may also cause obstructive jaundice. They are seen as hypoechoic masses and frequently invade surrounding organs (25) .
Pancreas
As the pancreas is deeply seated in retroperitoneum, bowel gas and obesity often make it difficult to achieve satisfactory visualization of the pancreas. Newer reports using advanced US transducers and machines suggest that visualization of part of the pancreas is possible in 95% of cases. The splenic vein in long axis and superior mesenteric artery in crosssection views are the landmarks to identify the pancreas. The pancreas is mildly homo-echogenic but becomes atrophic and brighter with increasing age or obesity. A normal size for the pancreas has been suggested to be 25 mm over the head, 15 mm over the body, and 20 mm over the tail, but it is variable. Measurements of Ͼ30 mm over the head, Ͼ20 mm over the neck, or Ͼ30 mm over the tail suggest that the pancreas is enlarged. An US examination of the pancreas focuses on the contour, echogenicity, size, and relationship with surrounding tissue or organs. Discontinuity of the normally smooth pancreatic contour indicates an anomaly such as tumors or inflammation. Inflammation or tumors may present as hypoechoic lesions. Cystic lesions including pseudocysts appear as anechoic lesions. The main pancreatic duct is an anechoic tubular structure, Ͻ2 mm in diameter on transverse scanning. Tumors, inflammatory processes, benign strictures, or pancreatic stones in chronic pancreatitis may cause dilation of the main pancreatic duct.
US for Pancreatic Emergency. The role of US in the critically ill patient with a pancreatic emergency is two-fold: to identify the lesion and to evaluate the severity of the disease. The former involves checking the pancreas itself to find the cause of the disease. The latter is to identify the topographic characteristics of involved structures around the pancreas, such as the biliary tree, kidneys, and spleen. Pancreatic emergencies include acute pancreatitis with complications, pseudocyst rupture, and biliary sepsis related to pancreatic diseases. Chronic pancreatitis, pancreatic cancers, and pancreatic cystic tumors are usually not emergent but have a slow clinical course.
Acute Pancreatitis. US is not the firstline study in the diagnosis of acute pancreatitis. Most cases of acute pancreatitis follow a benign course and resolve relatively quickly. In such cases, an US examination of the pancreas is normal. For more severe cases, the presence of a paralytic ileus in the early stages of the disease makes it difficult to obtain satisfactory images of the pancreas. Computed tomography is, therefore, considered the imaging modality of choice. Despite the difficulty in visualizing the pancreas itself, retroperitoneal fluid noted on US may implicate complicated pancreatitis in patients with additional risk factors such as alcoholism and cholelithiasis. US may be an effective and convenient tool for follow-up of pancreatitis after exacerbations.
Acute pancreatitis of greater severity may show swelling of the pancreas, focal hypoechoic parenchyma, peripancreatic fluid (Fig. 4a) , retroperitoneal fluid (fluid in perirenal space) (Fig. 4b) , ascites, pleural effusions, gastroduodenal involvement, or splenic involvement with rupture or infarction (Fig. 4c) . Fluid collections extending along the psoas muscle to the scrotum have been reported ( Fig. 4d) (26) . Because peripancreatic edema and fat necrosis are both echo poor, US is not a good imaging tool for differentiating edematous pancreatitis from necrotizing pancreatitis.
US studies can be repeated for follow-up of pancreatic pseudocyst and vas- cular involvement. When patients with pancreatic pseudocysts have an acute exacerbation, an examination to detect a possible pseudocyst rupture is mandatory. The US examination may reveal an increase in ascites or fluid collections, decreased size, or disappearance of the pseudocyst. Doppler US is helpful for surveying in possible vascular complications, including vascular aneurysm and splenic thrombosis. Hemosuccus pancreaticus is the rupture of a pancreatitisrelated pseudoaneurysm and presents with upper gastrointestinal bleeding.
It is essential to identify the splenic involvement in acute pancreatitis or other pancreatic problems (27) . Splenic complications such as intrasplenic pseudocyst or hematoma caused by inflammatory erosion of splenic vascular pedicles can lead to clinical deterioration due to splenic rupture.
Chronic Pancreatitis. Typically, chronic pancreatitis is not a pancreatic emergency, except in cases of rupture of a chronic pseudocyst and hemosuccus pancreaticus. When the splenic vein is affected by a chronic inflammatory mass, thrombosis, or pseudocyst, the patient may present with massive variceal bleeding. The US picture of chronic pancreatitis can be divided into mild or advanced stages. In a mild stage, US shows a reticular pattern of the pancreatic parenchyma and an irregularity of the main pancreatic duct, with or without mild dilation. In advanced stages, US reveals a dilated main pancreatic duct with echogenic pancreatic stones, calcification in the pancreatic parenchyma, focal heteroechogenic mass, and possibly pseudocysts (28) . Pancreatic pseudocysts are anechoic cystic lesions with debris.
Other Pancreatic Neoplasms. Pancreatic neoplasms do not typically cause emergent conditions, except for sepsis caused by tumor obstruction of the biliary tree. US diagnosis of bile duct obstruction has been mentioned in the previous section. Pancreatic adenocarcinoma may be located in any part of the pancreas; it is seen as a hypoechoic mass with irregular margins on US. If central necrosis is present, US will show an anechoic portion to the mass. Pancreatic insulinoma may cause a hypoglycemic emergency. On US examination, it appears as a small, well-defined hypoechoic nodule in the pancreas. Detection of a small pancreatic insulinoma is usually difficult on US, and endoscopic US is the tool of choice for diagnosis of these small tumors (29) . Malignant insulinoma actually cannot be distinguished from pancreatic adenocarcinoma by US. Pancreatic cystic tumors, including simple cysts, serous cystic neoplasm, and mucinous cystic neoplasm, rarely cause a pancreatic emergency. Differentiating between these possible pathogeneses with US is done based on examination of the pancreatic wall, lobulation, existence of septa, thickness of septa, and existence of mural nodules or papillary projections.
Spleen
The echotexture of the spleen is similar to that of the liver. There are vascular pedicles over the splenic hilum. The pancreatic tail locates and points to the splenic hilum. The upper normal size of the spleen has been reported as 12 cm in the long axis. There are many methods to evaluate the volume or the size of the spleen. All of these are for diagnosis of splenomegaly. A simple method is illustrated in Figure 5 :
, splenomegaly is considered. Splenomegaly can be seen in patients with hematologic diseases, liver cirrhosis, and metabolic diseases.
Splenic Abscess. On US examination, splenic abscesses have the same appearance as liver abscesses (30) . Occasionally, multiple tiny hypoechoic nodules may indicate microabscesses of the spleen, which occur in immunocompromised patients. Spleen involvement in lymphoma should be differentiated.
Splenic Infarction. After splenic infarction, US reveals a wedge-shaped or band-like hypoechoic area in the spleen (Fig. 6a) (31) . Usually, infarctions are located over the peripheral portion of the spleen (Fig. 6b) . Splenic infarction causes pain and frequently occurs in patients with marked splenomegaly, such as in chronic leukemia. Diseases involving the vascular pedicles of the splenic hilum may also result in splenic infarction. These conditions include pancreatitis, pancreatic tumors, and pancreatic pseudocysts.
Splenic Cysts. Simple splenic cysts present an US picture that is quite similar to that of simple hepatic cysts and are without clinical significance. There are other cystic lesions in the spleen, including echinococcus cysts and intrasplenic pseudocysts caused by pancreatitis or trauma (32) .
Splenic Tumors. Splenic tumors are rare. Echogenic tumors in the spleen are considered to be hemangioma, similar to that in the liver. Cavernous hemangiomas may also occur in the spleen, but have to be differentiated from angiosarcoma. Other malignant tumors may be hypoechoic, of mixed echogenicity, or hyperechoic, and these include lymphoma and metastatic tumors.
Pneumoperitoneum. Pneumoperitoneum is the presence of free air in the abdominal cavity and may occur as a sign of serious pathology or be encountered after surgery. Outside of postsurgical changes, pneumoperitoneum typically results from perforation of a hollow viscus within the abdomen. Traditional methods for detecting pneumoperitoneum include upright chest radiographs to look for free air underneath the right or left diaphragm. The accuracy of plain films varies from 55% to 85%, depending on the source (33, 34) . Abdominal radiographs with the patient in a decubitus position offer additional information, but still do not offer the high accuracy desired by clinicians. Computed tomography is the gold standard in many clinical settings but has limitations, including cost, contrast, and patient transportation. Critically ill patients may benefit tremendously from bedside imaging that is more sensitive and specific than plain radiographs. US evaluation for intraperitoneal air is based on a similar principle to pneumothorax evaluation in the chest, which is that free air tends to rise to the highest point inside the body cavity. Typically, free air will be found overlying the liver anteriorly when the patient is supine. Care must be taken if the patient has recently changed positions. It is important to allow at least a short amount of time for air to migrate through possible adhesions and other obstructions to free passage. Using a curved linear array with the probe indicator pointed to the patient's head, the examination is started in the epigastric region and progresses to the patient's right along the costal margin. Pneumoperitoneum on US is typically identified as echogenic lines with ring-down or reverberation artifacts between the surface of the liver and the abdominal or thoracic wall (Fig. 7) . If the patient is turned to the left lateral decubitus position, free air is most likely to be found at the highest point of the right hypochondrium (35) . Because US is a dynamic imaging modality, observation of movement by abdominal contents such as the liver with inspiration makes it easier to detect free air in a dynamic picture of abdominal anatomy.
When compared with plain radiography, US returned improved accuracy in several studies, with sensitivity ranging near 93% and specificity nearing 64%.
Positive predictive values as high as 97% and an overall accuracy of 90% clearly show potential utility (35, 36) .
Conclusion
The utility of bedside US in critical care patients with biliary, splenic, and pancreatic problems is well defined. Many critical patients may not be able to provide suggestive history or complaints, and the ability to survey specific organs of suspicion is important. Although potentially secondary to basic echo-and USguided venous access in the educational priorities of novice critical care sonologists, the applications described here are an important component of critical care US.
